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Although visceral organ mass comprises only 10% or less of total body mass, the visceral organs account for a disproportionate share of whole body heat pro duction (1) (2) (3) . For example, heat production from metabolically active tissues accounted for more than 50% of the total heat expenditure of the ruminant (4) , and heat production of the liver and gut represented about 20% of the fasting heat production of rats at rest (3) . There is some evidence indicating that high fiber (5-7) and high protein (8) diets are associated with gas trointestinal tract hypertrophy, and that cellulolytic bacteria (9) and Campylobacter (10) are increased in the large intestine of pigs fed high fiber and high protein diets, respectively. Johnson (11) identified two general types of stimulation which result in growth of the gas trointestinal tract mucosa: a] nongastrointestinal hor mones such as thyroxin and growth hormone, and b] factors acting in response to ingestion and digestion of food, including increased desquamation, gastroin testinal motility, endocrine and paracrine secretions and neural stimuli. The role of diet composition in visceral organ hypertrophy is unclear.
The objectives of this study were twofold: a] to de termine the relative effects of diets high in fiber or protein on body weight gain, feed utilization, visceral organ weights and large intestine microbial (total an aerobes, Campylobacter, cellulolytic and proteolytic) population in swine; and b] to monitor the duration of regression of swine visceral organ mass and microbial populations to control values following transfer from diets high in fiber or protein to a standard diet. 2Author to whom correspondence should be addressed. butt, picnic, loin and ham) on the left side of the car cass, and weights of heart, liver, kidneys, spleen, leaf fat, empty stomach, small intestine and cecum-colon were recorded. Within 20 min after exsanguination, sections of stomach, jejunum, ileum and colon from four pigs in each group were fixed in 10% buffered formalin and preserved until sectioned (6 p.), stained with hematoxylin and eosin and examined histopathologically.
MATERIALS AND METHODS

Animals and diets. Forty-eight crossbred (Chester
Microbial analyses. A sample of colon contents was removed from each pig at slaughter for microbial counts of total anaerobes, cellulolytic bacteria, proteolytic bac teria, Campylobacter and Salmonellae. Total anaer obes and cellulolytic bacteria were enumerated as pre viously described (12) . Proteolytic bacteria were enumerated by comparing colony number and size in media with and without 1.5% Trypticase (BBL Micro biology Systems, Cockeysville, MD). The basal me dium consisted of (per 100 ml): clarified pre-incubated rumen fluid, 5.0 ml; mineral S2 (12), 5.0 ml; vitamin solution (13), 5.0 ml; volatile fatty acid solution (13), 0.22 ml; and purified agar (BBL), 1.75 g. Sodium car bonate and cysteine-hydrochloride were added after media sterilization. Only pinhead size colonies devel oped in the medium without Trypticase, whereas the medium with Trypticase contained colonies much larger and thus considered to be proteolytic. For Enterobacteriaceae and Campylobacter sp., composite samples were prepared by pooling samples of colon contents from two animals. Two composite samples per treat ment were analyzed on each slaughter date. Enterobacteriaceae were enumerated using Videt Red Bile Glucose agar (Oxoid, Columbia, MO) and the pour plate technique (14) . The plates were incubated at 37Â°Cfor 24 h. Campylobactei sp. were enumerated by the spread plate method (14) using the Campylobacter agar kit with Blaser supplements (Difco, Detroit, MI) and 10% bovine blood. The plates were incubated at 43Â°Cfor 48 h under a modified atmosphere (Campy Pak Plus; BBL, Cockeysville, MD) in anaerobe jars. Representative col onies showing typical morphology on the agar were confirmed by cell morphology, motility and catalase reactions. Salmonellae were enumerated using a mod ified most-probable-number method (15) . From d 34 until slaughter 14 and 32 d later (48 and 66 d after beginning of experiment), all remaining pigs were fed the control diet ad libitum. Four pigs from each group were slaughtered on d 48 and 66 and the same measurements were taken as on d 17 and 34. For pigs slaughtered on d 66, backfat depth (mean of three measurements taken on the split carcass at the first and last ribs and last lumbar vertebra) was also re corded.
Data analysis. Data were subjected to a 3 x 4 fac torial least-squares analysis of variance (16) weight gain and feed data and individual animal for carcass, visceral organ and microbiological data.
RESULTS
Data on growth and feed efficiency of pigs are shown in Table 2 , and those on carcass traits and relative weights of carcass and lean cuts in Tables 3 and 4 , respectively.
There were significant diet x time interactions with respect to daily gain (Table 2 ) and relative carcass weight (carcass weight expressed as a percent of body weight, Table 3 ). Daily gain was significantly depressed by the high fiber diet compared to the control and high protein diets on d 17 and 34, and compared to the control diet only up to d 48. By d 66, there were no significant differences among treatments in daily gain. Although the high protein diet produced weight gains that were only 84, 80 and 84.5% of those produced by the control diet on d 17, 34 and 48, respectively, these differences were not significant. Daily feed consumed and gain-tofeed ratios (Table 2) were significantly depressed by the high fiber diet relative to the control and high protein diets by d 17 only. Daily feed consumed and gain-tofeed ratios did not differ significantly between pigs fed the control or high protein diet.
As expected, slaughter date had significant effects on area of longissimus muscle, weight and length of car cass, relative carcass weight and absolute and relative weights of the trimmed lean cuts (Table 3) . Feeding the high fiber diet resulted in significantly lower area of the longissimus muscle, lower absolute and relative carcass weight compared with the control diet up to d 34, and lower absolute weights of the carcass and trimmed lean cuts up to d 48. By d 66, there were no significant differences between pigs fed the control and high fiber diets, except in absolute carcass weight in which values for pigs fed high fiber were still lower than control values. Relative to the control diet, the high protein diet had no effect on carcass traits. Backfat depth on d 66 did not differ significantly among diet groups.
Slaughter date had significant effects on absolute and relative weights of all visceral organs measured, as ex pected, except for absolute weight of kidneys and rel ative weight of spleen (Table 4) . Diet had significant effects on absolute weights of all visceral organs except total gastrointestinal tract and small intestine (Table  5 ) and on relative weights of all organs except heart, spleen, large intestine and small intestine (Table 4, 5). There were significant diet x time interactions in ab solute weights of liver and kidneys and relative weights of heart, liver, kidneys and stomach. High dietary fiber resulted in lower weights of liver and large intestine and lower relative weight of liver on d 17; lower ab solute weights of heart and spleen and high relative weight of stomach on d 34; and lower absolute weights of heart and leaf fat and lower relative weight of leaf 'Values are least-square means for four pigs per group. C = Control diet, HF = high fiber diet, HP = high protein diet. '^Least-squares means in each column within each slaughter time not sharing a common superscript letter are significantly different.
Expressed as a percent of body weight. 3Combined weight of ham, loin, Boston butt, and picnic. 'Expressed as a percent of cold carcass weight. 5Standard error of the mean. 6NS = Not significant (P > 0.10).
fat, but higher relative weight of stomach, on d 48. By d 66, there were no significant differences between pigs fed the control or high fiber diet in absolute and relative weights of all organs except relative weight of the liver, which was now higher in pigs fed the high fiber diet. Histopathological examination of sections of stomach, jejunum, ileum and colon of four pigs in each diet group revealed no evidence of pathologic lesions associated with diet. Compared to the control diet, the high protein diet resulted in significantly higher absolute and relative liver weight and relative kidney weight, but signifi cantly lower relative stomach and leaf fat weights, on d 17; significantly higher absolute and relative liver and kidney weights on d 34; and significantly higher rela tive liver and kidney weights, but lower absolute and relative leaf fat weight, on d 48. By d 66, all significant differences between control and high protein diet groups had disappeared.
Feeding the high fiber diet resulted in lower absolute and relative liver and kidney weights, lower absolute large intestine weight and higher absolute and relative stomach weights than the high protein diet on d 17; lower absolute and relative heart, liver and kidney weights, lower absolute spleen weight, but higher ab solute and relative stomach weight, on d 34; and lower absolute heart, kidney and spleen weight on d 48. By d 66, there were no significant differences between pigs fed the high fiber or high protein diet except for the relative weight of kidneys, which was higher in pigs fed the high fiber diet.
Diet, time and diet x time interactions were signif icant for total number of anaerobic, proteolytic, cellulolytic and Campylobacter bacteria cultured from co lon contents, but not significant for Enteiobacteriaceae (Table 6 ). The number of proteolytic bacteria was greater from pigs fed the high protein diet (d 17 and 34) than those fed the control or high fiber diet. By d 66, the number of proteolytic bacteria was similar for all pigs. The number of cellulolytic bacteria on d 34 was greater for those pigs fed the high fiber diet than those fed the control or high protein diet. Again by d 66, the number of cellulolytic bacteria was similar for all pigs. The number of total anaerobic bacteria cultured was greater from the pigs fed the high protein diet at d 17, and least from the pigs fed high fiber at d 34. Similar numbers of anaerobes were observed from all pigs on d 48. Un expectedly, the number of anaerobes found in the colon contents of pigs originally fed the high protein diet was greater on d 66 than in those fed the other two diets.
On d 17, there were no significant differences due to diet in number of Campylobacter sp., but by d 34 their numbers were significantly lower in pigs fed the high fiber diet than in those fed the control or high protein 
DISCUSSION
The observed growth response of the liver, kidneys and specific gastrointestinal tract segments to changes in diet composition in ad libitum-fed growing animals within 2 to 3 wk after introduction of the dietary changes supports the concept of nutritionally induced repartitioning of nutrients among organ systems. The liver and kidney hypertrophy associated with intake of the high protein diet was probably related to the higher amounts of nitrogenous compounds processed by these organs,-the hypertrophie effect was shown to be re versed at 34 d, but not within 2 wk after return to the control diet. Relative liver weight is known to increase steadily in growing rats adapting to a high protein (90% casein) diet for 7 d (17) .The hypertrophie effect of high fiber diets on the gastrointestinal tract in growing pigs has been reported repeatedly (5) (6) (7) 10) ,but the duration of the high fiber feeding period has been much longer than in the present work. The increase in relative stom ach weight observed after only 17 d on the high fiber diet in the present work was in spite of decreased feed intake of the pigs fed the high fiber diet relative to control pigs, showing that the increase was not just a result of physical expansion. There was no significant increase in the weight of either small or large intestine after 34 d in this study, suggesting that the hypertrophy reported previously (5-7, 10) required more than 34 d to be manifested. The failure to observe hypertrophy or histopathological changes in gastrointestinal tract segments in response to high dietary protein is in con trast to previous work (10)of longer duration (84 d); the shorter duration of feeding high protein in this exper iment (34 d) may have precluded showing the hypertrophic effect of high protein on gastrointestinal tract tissues. The lack of an effect of diet (except for that of the high fiber diet on stomach) on weights of gastroin testinal tract segments after 17 or 34 d was supported by the observed absence of pathologic changes in tissue sections taken from stomach, small intestine and large intestine at slaughter.
Daily feed consumption and gain-to-feed ratios were significantly depressed by the high fiber diet only dur ing the first 17 d, indicating adaptation to the high fiber 'Values are least-square means for four pigs per group. C = control diet, HF = high fiber diet, HP = high protein diet. ""Means in the same column within the same slaughter time not sharing a common superscript letter are significantly different. 2NS = not significant (P > 0.10).
diet with continued feeding. The depression of daily weight gain by the high fiber diet for up to 14 d after the pigs had been switched to the control diet was as sociated with reduced indices of lean tissue accretion immediately following the period of high fiber intake.
Relative carcass weight and weights of lean cuts, how ever, were depressed only during the period the pigs were consuming the high fiber diet. Relative weights of lean cuts were not significantly affected by feeding a high fiber diet, indicating that the differences in ab solute weights of lean cuts were related to body weight. The elevated relative carcass weight and reduced leaf fat weights up to d 48 in pigs fed the high protein diet reflect the leaner carcasses in this group than in the controls. The elevated relative stomach weight (up to 14 d after switching pigs to the control diet) in response to high dietary fiber, and increased relative liver and kidney weights in response to high dietary protein, have im portant implications for meat animals because of the established significant and positive correlations (r > 0.98) between fasting heat production of pigs and the weights of the stomach, small intestine, large intestine, pan creas, liver and kidneys (18, 19) .Energy expenditure by the metabolically active tissues such as liver, gut and kidneys is much higher than energy expenditure as sociated with the carcass (20) ,accounting for more than 50% of the energy expenditure by the whole animal (4) .There is evidence to show that increases in apparent maintenance requirement during pregnancy and lac tation of rats are due in part to increases in weight and metabolic activity of the visceral organs (21) . It thus appears that high dietary fiber and protein indirectly increase the animal's maintenance requirement by causing a repartitioning of nutrients from the growth of the edible carcass to the visceral organs and conse quently increasing visceral organ mass.
As expected, the number of protein-hydrolyzing bac teria increased in the colon contents of pigs fed the high protein diet when compared to control animals. This suggests that more protein substrate is entering the colon of these pigs than control pigs, thus causing these bacteria to flourish. A similar response was seen with the number of cellulolytic bacteria from the pigs fed the high fiber diet; however, the greater number of cellulolytic bacteria was not seen until d 34, while the greater number of proteolytic bacteria from the pigs fed the high protein diet was apparent at d 17. Once these pigs were switched from the high protein and high fiber diets to the control diet (after d 34), similar numbers of proteolytic and cellulolytic bacteria were observed from these animals as from pigs fed the control diet. These results suggest that it may take a longer time for fiber-degrading bacteria to establish and stabilize in the pig intestinal tract, as compared to proteolytic bac teria. This is likely because bacterial growth rates are normally faster on soluble vs. insoluble substrates.
The reasons for the higher number of anaerobes found on d 66 in the colon of pigs originally fed the high protein diet, the higher number of Campylobacter in 'Values are least-square means for four pigs per group. C = control diet, HF = high fiber diet, HP = high protein diet. "bMeans in the same column within the same slaughter time not sharing a common superscript letter are significantly different. 2cfu = Colony forming units. 3NS = not significant (P > 0.10).
pigs fed a high fiber or high protein diet on d 66, and the peak of Campylobactei in control animals on d 34, are unknown. The low numbers of Salmonellae found on d 17 only in pigs fed the high fiber diet and the inability to detect Salmonellae in any group on all other days indicate that Salmonellae were merely transient inhabitants of the gastrointestinal tract. While the numbers of total anaerobes, proteolytic bacteria and Campylobactei sp. were highest in pigs fed the high protein diet on d 17 and 34, the number of cellulolytic bacteria and relative weight of the stom ach were greatest in pigs fed the high fiber diet. Thus, relative stomach weight was more directly related to the numbers of cellulolytic bacteria and appeared to be inversely related to numbers of anaerobes, proteolytic bacteria and Campylobactei sp. An increase in relative weight of the stomach in rats fed a high fiber diet has been reported (10) . Although feeding a high fiber diet to swine for up to 84 d increased relative weights of small and large intestine (10) , no such effect was pro duced in the present study, probably because of the relatively shorter duration (34 vs. 84 d) of feeding the high fiber diet.
We conclude that diet composition plays a more spe cific role in visceral organ hypertrophy than can be explained by normal relative increases in organ size as body weight increases. Most affected organs did not regress to control values within 14 d of switching the pigs from a diet containing high fiber or protein to the control diet, but by 32 d after switching, all visceral organs, except the liver in pigs fed high fiber, did regress to control values.
